Introduction {#S0001}
============

Intervertebral disc degeneration (IVDD) is the major cause of low back pain. Low back pain is a major cause of disability and it substantially contributes to healthcare costs \[[@CIT0001], [@CIT0002]\]. The etiology and pathogenesis of IVDD are still unclear. Causes of IVDD are likely to be both genetic and environmental, but are probably also related to wear accumulating over a lifetime of normal daily use \[[@CIT0003]\]. Recently, a series of genetic factors have been proved to play important roles in the development of IVDD. Polymorphisms in a number of genes, such as aggrecan \[[@CIT0004], [@CIT0005]\], interleukin 1 \[[@CIT0006]\], vitamin D receptor \[[@CIT0007]\], and matrix metalloproteinase \[[@CIT0008], [@CIT0009]\], are reported to be associated with an increased risk of IVDD \[[@CIT0010]\].

The development of disc degeneration is a complex, multi-stage process in which the degradation of the disc matrix is one of the key steps. A group of matrix degrading enzymes, the matrix metalloproteinase (MMPs), are assumed to play a critical role in the excessive breakdown of the extracellular matrix (ECM) during disc degeneration. Matrix metalloproteinase 14, an important member of the MMP family, is of particular importance to intervertebral disc homeostasis \[[@CIT0011], [@CIT0012]\]. Increased expression and activity of MMP14 has been documented in disc tissue with degenerative lesions \[[@CIT0013]\].

Matrix metalloproteinase 14, also called membrane type 1 MMP (MT1-MMP), usually forms a tri-molecular complex with tissue inhibitor of metalloproteinase-2 (TIMP-2) and proMMP-2 on the cell surface; proMMP-2 can be activated and released at a low concentration of TIMP-2 to mediate the ECM degradation \[[@CIT0014]--[@CIT0018]\]. Matrix metalloproteinase 14 is able to be a pericellular collagenase against ECM components directly \[[@CIT0014]\]. In a variety of cell types, MMP14 is employed to act on the surrounding environment and to promote tissue remodeling, invasion, and metastasis by catalyzing pericellular collagenolysis \[[@CIT0012]\]. In this way, it provides advantageous circumstance for cells proliferating in a constrained three-dimensional collagen or fibrin microenvironment.

Transcription of MT1-MMP is regulated by two enhancers, the Sp1 binding site and regulatory region 1 (RR1). Recently, two single nucleotide polymorphisms (SNPs) at the MT1-MMP promoter were identified in close vicinity to the RR1: --364 G/T (rs1003349: G \> T) and --378 T/C (rs1004030: T \> C). *In vitro* transcriptional analysis with luciferase receptor constructs of human MMP14 promoter demonstrates that occurrence of the SNP variant --378 C leads to strong inhibition of nuclear protein binding to the RR1 reducing its enhancer function, while --364T does not \[[@CIT0011]\].

Although there is no direct evidence to suggest that MMP14 expression is related to the pathophysiology of IVDD, there are reports suggesting increased MMP-2 activity during intervertebral disc degeneration is correlated with MMP14 levels \[[@CIT0013], [@CIT0019]\], and the demonstration of the presence of MMP14 in the IVDD and its increased production during degeneration could have important implications \[[@CIT0020]\]. Expression and polymorphism of MMP2 have been proved to correlate with the risk and severity of lumbar disc degeneration in the Chinese Han population \[[@CIT0021]\].

To date, an association between the MMP14 SNPs and IVDD has not well been investigated. In this study, we performed a case-control study to explore the possible role of MMP14 SNPs in determining the susceptibility and severity of IVDD in a Chinese cohort. Genetic studies are crucial for understanding the mechanism of the degeneration. This genetic information could eventually be used as a predictive marker for determining a patient\'s risk for symptomatic IVDD.

Material and methods {#S0002}
====================

Patients {#S20003}
--------

A total of 908 patients with IVDD were enrolled in this study. They were all symptomatic patients with surgically or radiologically proven IVDD. Patients with synovial cysts, spondylolisthesis, spinal tumor, spondylosis, trauma and inflammatory disease were excluded. The grade of disc degeneration was determined according to Schneiderman\'s classification for magnetic resonance imaging (MRI) \[[@CIT0022]\]. The control sample consisted of 906 healthy check-up examinees who were matched to the cases by age and gender. They had no history of back problems and had negative MRI findings. Individuals with familial relation to any of the patients and a history of seeking medical attention for back pain or sciatica were excluded. All the subjects were unrelated Han Chinese.

This study was approved by the ethics committee of Qi Lu Hospital, Shan Dong Province, China. The ethics committee approved data collection of these patients. All subjects signed a written informed consent form. All works were undertaken following the provisions of the Declaration of Helsinki.

Genotyping {#S20004}
----------

Genomic DNA from all the subjects was extracted from peripheral blood leukocytes using a DNA isolation kit following the manufacturer\'s instructions (Invitrogen, USA).

To determine the polymorphism distribution of patients and controls concerning the two SNPs (--378T/C and --364 G/T), a 495 bp fragment of the human MT1-MMP 5' regulatory region spanning bp --585 to --90 was amplified by polymerase chain reaction (PCR) using the BD Advantage 2 PCR System (Takara BIO, Potsdam) and the flanking primer pair 5'-GCCACATAGCCCCCAATAAT-3' and 5'-AGATCTTTGTCTTCGGTA-3'. Polymerase chain reaction was carried out with 1 µl of genomic DNA from controls and patients, respectively, with the following protocol: 2 min at 95°C followed by 35 cycles (30 s at 95°C, 30 s at 61°C, 40 s at 68°C) and a final 1 min at 68°C. Polymerase chain reaction products were purified and sequenced with a nested primer 5'-GAACTGGGGTCTGGTT-3' in high throughput 96-well plates using a BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Foster City) on an ABI3730 automated DNA sequencer. Allelic frequencies and Hardy-Weinberg distributions were calculated using standard methodologies.

Positive and negative controls were used in each genotyping assay, and 5% of the samples were randomly selected and run in duplicate with 100% concordance. The results were reproducible with no discrepancy in genotyping.

Statistical analysis {#S20005}
--------------------

Statistical analysis were performed using SPSS version 19.0 software. The characteristics of IVDD patients and controls were compared with the χ^2^ or Student\'s *t* test according to the variable types. The χ^2^ test was performed to assess Hardy-Weinberg equilibrium. Comparison of genotype and allele frequencies between cases and controls was carried out in terms of the χ^2^ test. The risk associated with individual alleles and genotypes was calculated as the odds ratio (OR) with 95% confidence intervals (CI) using unconditional logistic regression. The severity of disc degeneration of different genotypes among IVDD patients was analyzed using the χ^2^ test. All statistical tests were two-sided, and *p* \< 0.05 for the differences was considered statistically significant.

Results {#S0006}
=======

Baseline parameters {#S20007}
-------------------

No significant differences in age and gender were found between IVDD patients and normal controls, but the body mass index (BMI) of patients was a little higher than healthy subjects; this suggested that obesity was a risk factor for IVDD. The characteristics of the two groups are presented in [Table I](#T0001){ref-type="table"}.

###### 

Characteristics of patients with IVDD and healthy controls

  Characteristics        Patients with IVDD   Healthy controls   Value of *p*
  ---------------------- -------------------- ------------------ --------------
  Age \[years\]          51.12 ±7.65          51.54 ±8.35        0.504
  Gender (male/female)   552/356              555/351            0.469
  BMI (means ± SD)       23.5 ±2.2            23.2 ±2.5          \< 0.01

Association between --378T/C and --364 G/T polymorphisms of the MMP14 gene and the risk of intervertebral disc degeneration {#S20008}
---------------------------------------------------------------------------------------------------------------------------

The genotype and allele distributions of the --378T/C and --364 G/T polymorphisms of the MMP14 gene in the IVDD and control groups are shown in [Table II](#T0002){ref-type="table"}. The genotype distribution of the two polymorphisms in controls was in with the Hardy-Weinberg equilibrium (*p* = 0.078 for --378 T/C, and *p* = 0.069 for --364 G/T). There were significantly lower frequencies of the --735CT and CC genotypes in patients with IVDD compared with normal controls (*p* \< 0.001). Patients with IVDD showed a significantly lower frequency of the C allele than normal controls (*p* \< 0.001). Unconditional logistic regression analysis revealed that the C allele was significantly associated with the decreased risk of IVDD compared with the T allele (*p* \< 0.001; OR = 0.768; 95% CI: 0.673--0.877), and CT and TT genotypes were significantly associated with a decreased risk of IVDD compared with the CC genotype (for CC genotype, *p* \< 0.001; OR = 0.628; 95% CI: 0.483--0.817; for CT genotype, *p* = 0.003, OR = 0.730, 95% CI: 0.594--0.898).

###### 

Genotype and allele distributions of --378 T/C and --364 G/T polymorphisms in the IVDD and control groups

  Location   Genotype   IVDD group   Control group   Value of *p*[\*](#TF0001){ref-type="table-fn"}   OR (95% CI)   Value of *p*[\#](#TF0002){ref-type="table-fn"}              
  ---------- ---------- ------------ --------------- ------------------------------------------------ ------------- ------------------------------------------------ ---------- --
  --378      TT         370          41.3            294                                              32.5          0.001                                            1          
  CT         387        40.2         421             46.5                                                           0.730 (0.594--0.898)                             0.003      
  CC         151        18.5         191             21.0                                                           0.628 (0.483--0.817)                             0.001      
  T          1127       62.1         1009            55.7                                             \< 0.001      1                                                           
  C          689        37.9         803             44.3                                                           0.768 (0.673--0.877)                             \< 0.001   
  --364      GG         405          44.6            409                                              45.2          0.496                                            1          
  GT         408        44.9         417             46.0                                                           0.988 (0.814--1.199)                             0.903      
  TT         95         10.5         80              8.8                                                            1.199 (0.864--1.664)                             0.277      
  G          1218       67.1         1250            68.2                                             0.458         1                                                           
  T          598        32.9         582             31.8                                                           1.055 (0.918--1.212)                             0.454      

P value was calculated by *χ*^2^ test among all the different genotypes;

p value was calculated by unconditional logistic regression.

There is no significant correlation between --364 G/T polymorphism and risk of IVDD ([Table II](#T0002){ref-type="table"}).

Association of --378T/C polymorphism with the severity of intervertebral disc degeneration {#S20009}
------------------------------------------------------------------------------------------

The association between the genotype and allele distribution of the --378T/C polymorphism and the severity of IVDD is presented in [Table III](#T0003){ref-type="table"}. The IVDD patients with the --378CC genotype showed significantly lower grades of disc degeneration compared with those with the --378TT genotype (*p* \< 0.001). Although there was no significant difference in severity (from grade 2 to grade 4) in the C allele, compared to the T allele, the C allele had a higher ratio in grade 2 and a lower ratio in grade 4 (*p* \< 0.001).

###### 

Association of different genotypes and alleles of --378T/C polymorphism with severity of IVDD

  Genotype   *n*    Grade 2       Grade 3       Grade 4       Value of *p*
  ---------- ------ ------------- ------------- ------------- --------------
  TT         370    59 (15.9%)    93 (25.1%)    218 (58.9%)   \< 0.001
  CT         387    78 (20.2%)    112 (28.9%)   197 (50.9%)   
  CC         151    76 (50.3%)    48 (31.8%)    27 (17.9%)    
  T          1127   196 (17.4%)   298 (26.4%)   633 (56.2%)   \< 0.001
  C          689    230 (33.4%)   208 (30.2%)   251 (36.4%)   

Discussion {#S0010}
==========

The exact mechanism of IVDD is still unknown. Recent studies have focused on the role of genetic factors in the etiology of IVDD, and epidemiologic studies suggest that heredity is the largest single determinant of disc degeneration \[[@CIT0023]\]. Biochemical mediators of tissue degradation, especially MMPs, have been identified as significant factors \[[@CIT0024], [@CIT0025]\]. Previous studies demonstrated that the MMP family plays important roles in the pathology of IVDD. Our study has shown that the MMP14 promoter genotype was associated with IVDD degeneration in a large population of Han Chinese. The frequency of the MMP14-378TT genotype was significantly higher in patients with IVDD than in the healthy population. Subjects with the TT genotype had a nearly 1.59-fold increased risk for IVDD compared to the CC genotype (*p* \< 0.01). In addition, this genotype was found to correlate with more severe grades of disc degeneration observed on MRI.

Although the activity of MMP14 is known to be regulated by posttranscriptional mechanisms, inclusion of the activation of proenzyme and inhibition of TIMPs and transcriptional regulation also play a major role. Recently, Holmbeck *et al*. reported two closely functional SNPs of the MMP14 gene, --378T/C and --364G/T, both located at the RR1 region \[[@CIT0011]\]. One (--378 T/C) of the two SNPs flanking the RR1 was highly relevant for the transcriptional regulation of MMP14. While the wild type (--378 T) displayed a powerful enhancer function of RR1, the genetic variant (--378 C) leads to considerable loss in transcriptional activation (75%). As the variant --364 T revealed no significant reduction in transcriptional activation of MMP14, it was excluded from our further investigations. In our present study, consistent with known studies, MMP14 protein expression might be higher in individuals who carry the TT genotype than those who carry the CC or CT genotype at the --374 position, which showed higher risk of IVDD. While the --364 polymorphism did not show a significant influence on the altered risk of IVDD, we hypothesize that it is correlated with the different enhancement of transcriptional activation of two SNPs. --378T/C SNP could alter the transcriptional regulation of MMP-14 and contribute to the "over-expression" of MMP14 in IVDD.

Biochemically, disc degeneration is characterized by enhanced breakdown of the matrix. The main components of disc ECM, collagens and proteoglycans, are degraded by a specific class of proteolytic enzymes known as MMPs. Several lines of evidence show that MMPs play a pivotal role in regulation of intervertebral disc homeostasis. Unlike most MMP family members, MMP14 is expressed at the cell surface rather than secreted. One important role of MMP14 is to activate MMP2. A series of previous studies have demonstrated that expression and activity of MMP2 is associated with increased risk of disc degeneration disease \[[@CIT0026]--[@CIT0028]\]. We hypothesize that overexpression of MMP14 increases the relative risk of IVDD by over-activating MMP2 expression. The studied polymorphism might not be the direct cause of IVDD, but could instead be a genetic marker that is in linkage disequilibrium with a true disease predisposing a locus nearby. Intervertebral disc degeneration was associated with the activity of MMP2, and the correlation of its activation with MMP14 production suggests that MMP14 activates MMP2 during disc degeneration.

Currently, no study regarding the relationship between the SNPs of MMP 14 and IVDD has been reported. But some studies have shown that MMP14 is involved in the pathology of IVDD. Apart from its role in activating other MMPs such as MMP2 and MMP13, MMP14 also has the capacity to degrade extracellular matrix components directly \[[@CIT0029]\]. MMP14 itself is capable of matrix degradation, and in addition is capable of activating not only MMP2 but also MMP13, another MMP related to IVDD and MMP8 \[[@CIT0030]--[@CIT0032]\], enabling efficient and fast degradation of the resident matrix. Osteoarthritic degeneration of articular cartilage, a process that shares many similarities with IVDD \[[@CIT0033]\], is associated with an increase in production of these four MMPs \[[@CIT0034]--[@CIT0036]\], which possibly renders MMP14 a key player in initiating and maintaining extracellular matrix destruction.

Upregulation of specific MMPs (MMP1, -2, -3, -7, -8, -10, and -13) was reported in human IVDD \[[@CIT0037]--[@CIT0039]\]. However, it is still unclear due to conflicting published studies. Numerous studies indicate that the expression levels of MMP are modulated by a combination of many factors, including mechanical, inflammatory, and oxidative stress. Genetic predisposition also plays an important role in determining gene expression of MMP1, -2, -3, and -9. So upregulation of MMP expression and enzymatic activity is implicated in disc ECM destruction, leading to the development of IVDD \[[@CIT0037], [@CIT0040]\]. Future IVDD therapeutics depends on identifying specific MMPs whose dysregulation results in pathological proteolysis of disc ECM. In the current study, we also provide some evidence about the role of MMP14 in the development of IVDD.

There are also some drawbacks in the present study. One of them is that because all the subjects are Chinese individuals, the results should be interpreted with caution and need to be confirmed in larger and ethnically divergent population samples.

In conclusion, we found that MMP14-735C/T polymorphism may be a genetic risk factor associated with susceptibility to IVDD in Han Chinese individuals. The relation between the mutation of this gene and IVDD warrants further investigation.
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